Objectives: To describe the methodological development of the HBSC survey since its inception and explore methodological tensions that need to be addressed in the ongoing work on this and other large-scale cross-national surveys.
Introduction
The Health Behaviour in School-aged Children (HBSC) study was among the first international surveys on adolescent health. Despite fieldwork being limited to three countries in 1983, the challenges to producing valid and reliable data were apparent, including a range of structural and practical factors such as variation in the school systems in which fieldwork was conducted, compliance with a common research protocol, issues around language and translation, and the differing research capabilities within countries [1] [2] .
Some 25 years on, the study has grown to more than 40 countries and regions and its profile has increased dramatically. In-creasingly, HBSC data are in demand to inform publications from a range of national and international agencies and from academics to access raw data for secondary analysis [3] [4] [5] . The increased focus on the HBSC study has resulted in greater methodological scrutiny and the need for a sharper focus on continuous improvement. This paper provides a brief historical overview of the development of the study and an overview of the methods employed as Int J Public Health 54 (2009) S140-S150 The Health Behaviour in School-aged Children (HBSC) study: © Birkhäuser Verlag, Basel, 2009 methodological developments and current tensions the 8 th wave of fieldwork approaches, with a focus on the systematic approach to collecting data across a growing number of countries. Background is provided in the areas of questionnaire content, sampling, data collection, and file preparation. Details of the most recent survey undertaken in 2005/06 are given as background to the papers that follow. Having outlined current practice, the paper moves on to discuss a range of key methodological tensions that remain in taking the study forward, including (a) maintaining quality standards against a background of rapid growth, (b) continuous improvement with limited financial resources, (c) accommodating analysis of trends with the need to improve and adapt questionnaire content, and (d) meeting the differing requirements of scientific and policy audiences.
Historical development
From its very origin the HBSC has had a double mission, both to establish a monitoring tool for policy development as well as to develop adolescent health research. Further, the study has, primarily based on its close collaboration with the WHO Regional Office for Europe, intended to steadily grow to collect nationally representative adolescent health data in Europe as well as in North America. The HBSC study started out as a research programme aiming at understanding smoking behaviours in a limited number of countries (Austria, England, Finland, and Norway). Immediately following its initiation, contact was established with the World Health Organization (WHO), and emphasis was given to addressing more health topic areas and including more countries, in particular, countries from Eastern Europe that had few, if any, surveys collecting data on adolescent health and health behaviours. The rapid growth of the study can be seen in Tab. 1.
In the early phase of the study, countries were approached, primarily by WHO, to become members, whereas the increase in the last 15 years primarily has been a consequence of countries seeking membership. Throughout the development of the HBSC network it has been given emphasis to provide training sessions for new country teams on how to collect nationally representative survey data. Before a country is accepted as a member, it has to run a pilot of a national survey to demonstrate its capacity to collect data and establish funding for the national survey. Up till 1994, each survey also had a common focus area that was explored, for instance, the relevance of experiences in the school setting for adolescent health and health behaviours. As a way to facilitate different research interests, the survey in 1998 opened up so countries could choose their own focus area(s). They could either use the space solely for national purposes or choose topic area(s) from a selection of optional packages developed through the study, thus allowing comparison between countries using the same package(s). This structure has opened for a diversity of research questions to be explored across the member countries and provided room for exploratory research. It does, however, also present challenges in terms of securing quality standards for a substantial number of optional variables.
HBSC survey methods
For all surveys, a standardised research protocol providing a theoretical framework for the research topics and data collection and analysis procedures is developed 6 . The protocol aims at securing comparable data. The HBSC Research Network members collaborate on the production of this international Research Protocol for each four-yearly survey. The Research Protocol includes detailed information and instructions covering the following: conceptual framework for the study; scientific rationales for each of the survey topic areas; international standard version of questionnaires and instructions for use (e. g., recommended layout, question ordering, and translation guidelines); comprehensive guidance on survey methodology, including sampling, data collection procedures, and instructions for preparing national datasets for export to the International Data Bank; and rules related to use of HBSC data and international publishing. While the Research Protocol is currently being reviewed for the forthcoming 2009/10 study, significant change is not anticipated.
Questionnaire content
As HBSC is a school-based survey, data are collected through self-completion questionnaires administered in the classroom. The international standard questionnaire for each survey consists of three levels of questions which are used to create national survey instruments: core questions that each country is required to include to create the international dataset; optional packages of questions on specific topic areas from which countries can choose; and country-specific questions related to issues of national importance. Survey questions cover a range of health indicators and health-related behaviours as well as the life circumstances of young people. Questions are subject to validation studies and piloting at national and international levels, with the outcomes of these studies often being published [7] [8] [9] [10] [11] [12] . The core questions provide information on: demographic factors (e. g., age and state of maturation); social background (e. g., family structure and socio-economic status); social context (e. g., family, peer culture, school environment); health outcomes (e. g., self-rated health, injuries, overweight and obesity); health behaviours (e. g., eating and dieting, physical activity and weight reduction behaviour); and risk behaviours (e. g.,
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Sampling
The specific population selected for sampling is young people attending school aged 11, 13, and 15. When the study was established, these age groups were chosen to represent the onset of adolescence, the challenge of physical and emotional changes, and the middle years when important life and career decisions are beginning to be made. The desired mean age for the three age groups is 11.5, 13.5, and 15.5 years. In some countries, each age group corresponds to a single school grade, while in others a proportion of each age group may be found across grades due to students being advanced or held back. These differences in grades' equivalency to age cohorts have implications for the sampling strategy chosen by each participating country. A minimum of 95 % of the eligible target population should be within the sample frame. Countries may choose to stratify their samples to ensure representation by, for example, geography, ethnic group, and school type. Cluster sampling is used, the primary sampling unit being school class (or school in the absence of a sampling frame of classes) 14 . The recommended sample size for each of the three age groups is set at approximately 1,500 students, the calculation assuming a 95 % confidence interval of +/-3 % around a proportion of 50 % and a design factor of 1.2, based on analyses of existing HBSC data. The international data file for the 2005/06 study contains data from more than 200 000 young people across the 41 participating countries or regions. Throughout the years it has been observed that some of the protocol standards, for instance, using selected grade levels as the basis for samples of 11, 13, and 15 year olds, were established based on the few countries included in the survey in its early years. Throughout the surveys, it became apparent that there were cross-national variations when it, for instance, came to whether or not the school systems operated with students repeating a grade and how a grade is defined (whether it is stable across subjects or varies by subject). As the emphasis of the HBSC is to collect representative data for certain age groups, these issues had to be taken into account both in sampling and in cleaning, without violating opportunities for trend analyses for countries that have been in the survey for a long time.
Thus given the differences in school systems, imposing a uniform approach is impractical. To deal with this complexity, age has been a priority for sampling, with students of the relevant age being selected across school years. Further complications arise when the target population is split across different levels of schooling, such as primary and secondary. Where the number of classes eligible for sampling is unknown, probability proportionate to size (PPS) sampling is used, making use of actual or estimated school size 14 . In some countries, to minimise fieldwork costs, classes from one age group are randomly selected and classes then drawn for the other grades from the same school, minimising the number of schools required. The survey is administered at different times as appropriate to the national school system in order to produce samples with mean ages of 11.5, 13.5 and 15.5. In countries where there is significant holding back and/or advancement of students, this technique may involve sampling more than three grades.
In the vast majority of countries, a nationally representative sample is drawn. Where national representativeness is not possible, a regional sample is drawn (Germany and the Russian Federation in 2005/06). It should also be noted that a census among the relevant age groups is taken in those countries where the population is sufficiently small (Greenland, Iceland, and Malta in 2005/06). Countries are provided with sampling guidance notes and required to complete a sampling questionnaire, covering issues such as: the proportions of students held back or advanced; how students will be sampled; whether a sampling frame of classes or schools is available; whether or not PPS sampling will be possible where school is the primary sampling unit; stratification to be used; dealing with likely non-response; and whether or not any boosts will be built in (e. g., to accommodate language groups or geographic regions).
Response rates of the HBSC 2005/06 survey
Comparing response rates across countries/regions in the HBSC study and interpreting differences is problematic for a number of reasons. First, there is variability in the primary sampling unit (PSU) between countries/regions, with some selecting classes and others schools, depending on the availability of a class-based sampling frame. Where school is the PSU, it is common to select a class in each of the three age groups within a school, increasing the potential burden, which is likely to impact on school/class level response rates. Second, country or region size and differences in the volume of school-based research may impact on school/class level response rates, with the burden on schools and likelihood of taking part varying between participating countries/regions. Third, countries/regions differ in the way that they deal with non-response, some oversampling, some pre-selecting replacement schools or a combination of both approaches. Fourth, information is not always available on pupil non-attendance on the day that fieldwork takes place, meaning that pupil level response rates cannot be calculated or have to be approximated. With these caveats in mind, data for 2005/06 suggest that school/class and pupil level response rates exceeded 70 % in the majority of countries/regions. The
clude or exclude items from subsequent analyses. Despite some variation, the desired mean ages and sample sizes were achieved in the vast majority of countries in 2005/06 (see Tab. 2 and 3) . When all national data have been received and accepted according to the Research Protocol by the Data Bank Manager, the files are merged and the combined dataset is made available to the Principal Investigators in each participating country.
The aim is to produce an agreed international data file within four or five months of the deadline for submission of national data sets. From the time it is finalised the international data file is restricted for the use of member country teams for a period of three years, after which time the data are available for external use by agreement with Principal Investigators across the study. Details can be found at the HBSC homepage (http://www.hbsc.org). Int J Public Health 54 (2009) S140-S150 The Health Behaviour in School-aged Children (HBSC) study: © Birkhäuser Verlag, Basel, 2009 methodological developments and current tensions
With the increased demand for published HBSC data and requests for data for secondary analysis, it is necessary to ensure the quality of the data. All data processing, including consistency checks, age cleaning, derivation of variables, and imputation is therefore handled centrally. Data sets are accepted on receipt of completed data documentation record, which provides information on fieldwork dates, sampling procedures (to check compliance with reviewed sampling plan), data collection procedures, response rates, languages used, funding, and deviations from the Research Protocol. Primary sampling units and stratification variables are clearly identified, enabling the precision of survey estimates to be correctly adjusted for in subsequent analyses 15 and recognising the increasing use of hierarchical modelling methods 16 .
Tensions
The assiduous and continuing attention to detail in questionnaire content, sampling procedures, data collection, and file preparation results in a high quality and comprehensive crossnational data file that describes adolescents' health and health behaviours in a manner no other study currently does. However, there are inevitable tensions for the HBSC, as for any other large, ongoing survey. Fig. 1 illustrates the development in the HBSC study since 1983 in terms of country and study participants, researchers, and scientific articles of both subject-matter and methodological issues. The growth from 3 to 41 countries within HBSC (and the corresponding growth in number of researchers and scientific publications) provides exciting opportunities for cross-national analyses and learning. It also presents challenges: adapting to new social, economic, political, and educational contexts; improving organisational infrastructures; and dealing with linguistic differences across countries. The HBSC questionnaire content and sampling methods were originally developed to meet the needs of a small number of European countries
Tension 1: Maintaining quality standards against a background of rapid growth

17
. Content and sampling have been adapted to other national contexts through a process of learning and negotiation. The challenge is to agree on a questionnaire that is both relevant to national needs and preserves the original purpose of HBSC. To maintain comparability and respect national needs, a set of core questions are established, and these are combined at a country level with optional and country-specific sets of items. Only in extreme circumstances, for example, where answering a question might be perceived to incriminate a student (e. g., substance use or sexual behaviour) or jeopardize the entire survey (e. g., national sensitivities over issues such as sexual behaviour) are core questions not included by individual countries. Cross-national differences in school systems and heterogeneity of age groups within school grades and other characteristics of the school system must be taken into account with such information not always readily available. International structures have been implemented to maximise the scientific and organisational capacity of the network. An important initiative has been the addition of the Methodology Development Group (MDG). The MDG comprises subgroups charged with addressing specific methodological issues, organises workshops at international meetings, and provides specific guidance and advice to members; vitally, assistance with, and formal review of, sampling plans. In addition, coun- The Health Behaviour in School-aged Children (HBSC) study:
try zones provide organised opportunities for geographically and culturally-proximate countries to share concerns and develop in accordance with their common needs. Study expansion has also focused attention on the threat of inappropriate or inaccurate questionnaire translation. The challenge is to be both culturally relevant and comprehensible 18 . Translated questions are translated back into the source language (English) and compared against the original. This process is not immune to errors 6 , but has been strengthened by a rigorous system where back-translations are checked at the International Coordinating Centre, followed by further review with the researchers and translators. In addition, a pre-amble to a question(s) is provided for students where thought necessary, such as when describing bullying or physical activity. In this process, the aim is not only to provide a linguistically sound translation, but also guarantee that questions are relevant to and understood by participating students. Improved electronic communication and the establishment of working groups support relationships and understanding between the multi-disciplinary network of researchers that comprise HBSC. Such collaborations lead to the exchange of crucial formal and informal support and the networking that enables the methodological challenges of expansion to be avoided, uncovered, understood, and addressed.
Tension 2: Continuous improvement with limited financial resources
Lynn proposes how an international study can set cross-national quality standards, distinguishing different kinds of quality 19 . The primary distinction is between the "maximum quality approach" -which can be accomplished at the expense of consistency and comparability if each country should aim for its national maximum standard -and the "consistent quality approach" -which maximises consistency and comparability at the expense of quality, if all countries must have the same level of quality. An intermediate possibility is constrained maximum quality, where certain elements are expected at the international maximum quality level, while other elements are at the national maximum standard. If nations (and teams within nations) possessed the same financial resources, there would be no need to worry about maximum versus consistent quality and to fear that consistent quality would involve lowering all countries to the lowest common denominator. Unfortunately, countries do have different financial resources with attendant consequences for their ability to educate and employ top-level researchers to conduct the study, their fiscal capacity to send researchers to international meetings, and their capability of paying the necessary costs to administer a survey across sometimes vast geographical regions.
The most apparent solution to this tension is some measure of transfer of funds. To a certain extent, a transfer of funds takes place in the centralisation of key functions within HBSC, such as study coordination and data management. Furthermore, a subscription system is in place whereby those countries with sufficient funds provide some support for study coordination. However, more drastic measures, such as countries with greater financial resources contributing directly to countries with lesser financial resources, remain unlikely in the current global economic and political situation. Member countries recognize the importance of mutual methodological issues 19 but understand the necessity for methodological compromises with respect to quality to achieve functional equivalence in international surveys 20 . Each member country of the HBSC therefore endeavours to perform its survey in accordance with the guidelines from the network, but in situations where in doubt -or when a more financially feasible solution is nearer -this solution will sometimes need to be used, and deviations will occur from the international study design. To lessen the need for deviations to the survey, decisions about functional equivalence have been achieved within HBSC by inviting Principal Investigators (PIs) and members to debate and to reach a common conclusion on the matter, since decisions about survey quality, whether in national or cross-national context, are context dependent 21 . For this process to be successful, good will, enthusiasm and transparency is needed from all members, and joint ownership is helpful in this process.
Tension 3: Accommodating analysis of trends with the need to improve and adapt questionnaire content
In many countries, HBSC is the key source of statistics on adolescent health and health behaviours and, for each conducted survey, the issue of studying both national and international trends becomes increasingly more relevant and important. From a policy perspective, trends are highly interesting as they can be used to study the effect of national level adolescent health policies and interventions. A tension arises between 1) monitoring trends requiring that measurements stay the same over time and that a substantial part of the survey each time is devoted to outcome measures of health and health behaviours, and 2) explanatory and exploratory research aiming at continuously studying and understanding correlates of adolescent health and health behaviours as well as exploring new aspects of adolescent health and health behaviours. Typically the health behaviour and health perception measures have been part of the mandatory items that are repeated each survey for all countries, whereas explanatory variables are part of a section that changes for each survey by the choice of the individual country.
Over the years, the number of trend issues and variables has increased, implying that less space is available for exploring the relevance of individual, social, and setting specific experiences in understanding adolescent health and health behaviours. Thus HBSC has to some extent grown into a monitoring survey meeting the interests of policymakers across countries in Europe and North America, but providing constraints for researchers in the HBSC network that primarily want to explore new areas of adolescent health. Monitoring trends also represents challenges to the study. To monitor trends, indicators measuring health behaviours and health perceptions from the early phase of the study have been kept unchanged as long as they provide moderate reliability and validity. High level standards have in some cases been traded for long term trends. To ensure that inclusion of any new mandatory items meets high reliability standards the items now have to demonstrate high level measurement properties in a minimum of 10 countries across two-three surveys, i. e., there will be a minimum of 8 years before the item is used as a mandatory item to collect data across all countries. This requirement of quality might be considered counterproductive in providing interesting and relevant monitoring information on, for instance, new technology behaviours that develop quickly. Other issues that need balancing between monitoring trends versus developing the study are changes to sampling, data collection, and data cleaning procedures aimed at increasing accuracy of data. Such changes can affect the opportunities of trends as the basis of comparison over time is not the same. Thus an international survey like the HBSC study needs to find a way of balancing different foci within the study as well as external expectations taking into account the role the study has as a powerful data collection tool for both monitoring as well as for exploratory research.
Tension 4: Meeting the differing requirements of scientific and policy audiences
In recent years, there has been a call for increasing linkages between researchers and policymakers within the health policy field [22] [23] [24] . It is argued that policymakers can benefit from researchers in crafting evidence-based policies that have more possibility of providing desired outcomes, while researchers can benefit from having their research used in a timely and constructive fashion. In this argument, both parties make substantial gains. However, not all observers agree with this assessment. Hammersley 25 , in particular, makes a compelling case that the needs of researchers and policymakers are too diverse to suggest that policy can be based largely on the results of research. The fundamental problem lies in standards of acceptability. Researchers tend to be wary of putting forth claims about which they have some reservations (e. g., low threshold values for statistical significance). In contrast, policymakers need to make decisions in a timely fashion with or without conclusive evidence. Other observers, while noting tensions between research and policy, are more sanguine about the prospects these tensions can be resolved 23, [26] [27] . While they are acutely aware of the cultural divide between researchers and policymakers 26 , caused by a focus on scientific publications by researchers and an emphasis on politics and public opinion by policymakers 27 , these observers feel the divide can be bridged through collaboration [27] [28] [29] . This collaboration needs to be a genuine undertaking of all parties and not contrived collaboration 28 , done primarily to satisfy funding agencies. HBSC has built collaboration and strengthened linkages between research and policy in two primary respects. First, it has established two governance structures concerned with scientific and policy issues: the Scientific Development Group (SDG) and the Policy Development Group (PDG), each with representatives from across the study. While working separately to ensure that both researcher and policymaker concerns are raised in the design and utilization of the survey, joint discussions are also held to debate issues of mutual interest. Second, HBSC network researchers have built explicit connections with policymakers. In a formal sense, these connections come through regular attendance of WHO representatives at HBSC meetings, the presence of policymakers from the hosting nation at meetings, and the widespread dissemination of HBSC national and international data in a variety of formats including reports, fact sheets, and websites. Most recently, a series of jointly organised HBSC/WHO Forums has been established, bringing researchers and high level policy makers together to discuss issues of topical importance, such as socioeconomic determinants of eating habits and physical activity in 2006
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. In an informal sense, these connections are established when funding is requested. Negotiations involve current policy initiatives and emerging/ongoing research concerns, each with attendant data needs. These negotiations can bring underlying tensions to the surface, especially insofar as funding is secured and data are collected nationally, while questionnaire design is undertaken on a cross-national basis. Two research directions, each already undertaken by HBSC in a limited fashion, might be broadened to further engage policymakers with researchers. One possibility is the creation of systematic reviews providing a lens into research for policymakers 31 . When written in an accessible style, these reviews show promise. Another possibility is the greater use of mixedmethod designs 32 . Providing policymakers with compelling narrative to complement compelling statistics could result in greater use of research in forming policy.
